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Summary: Textile reinforced concrete (TRC) is an innovative composite mate-
rial, which is being intensely and practice-oriented investigated on national and 
international level. In the last few years this material has gained increasing im-
portance in the field of civil engineering. In the context of the collaborative re-
search project SFB 532 at the RWTH Aachen University, research was carried 
out to understand and to predict the behaviour of different yarn structures in fine 
grained concrete. Based on the results, innovative commingling yarns were made 
of alkali-resistant glass fibres and water soluble PVA. These hybrid yarns have an 
open structure, which improves the penetration of the textile reinforcement by the 
concrete matrix. Hence, the load bearing capacity of TRC structural elements was 
significantly improved.  
This paper presents a technique for the production of such commingling yarns for 
concrete applications. The mechanical properties of the new yarns are determined 
due to tensile stress tests. The bond behaviour of the commingling yarns was in-
vestigated by pull-out- and tensile stress tests on TRC-specimens. The results of 
the different tests are being presented and briefly discussed. 
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1 Introduction 
For the production of loaded concrete structural elements, alkali-resistant (AR) materials, like 
AR-Glass, carbon etc., are usually processed to warp-knitted 2D- and 3D- textile reinforce-
ment structures [1, 2]. These textile reinforcements are embedded into a fine grained concrete 
with particle size < 2 mm and absorb there the applied external tensile forces. 
The construction of the reinforcement structure, concerning design and warp-knitting pattern 
depends on the respective application and manufacturing process. Non-crimp fabrics with 
pillar stitch (see Fig. 1a) offer opened grid reinforcement structures. These grid textiles are 
very suitable for the production of concrete elements by using the casting process, where 
high liquid concrete mixtures are used. However, reinforcement yarns with a high thickness 
(up to 2400 tex) provide a poor penetration of the single filaments in the roving core. In order 
to achieve an equal distribution of the external forces through the whole yarn cross-section, 
the reinforcement structures are being impregnated with polymers, usually thermo-set resins.  
The tricot stitch (see Fig. 1b) offers further possibility to achieve a good distribution of the 
external forces in the reinforcement. The warp-knitting technique with tricot stitch provides 
reinforcement structures with spread yarns, which can be easily penetrated by the concrete 
matrix. However, the grid width of the textile decreases due to the spreading of the rein-
forcement yarn. For this reason these reinforcement structures are further processed to struc-
tural parts mainly by lamination or spraying. 
  
(a) Fabrics with pillar stitch (b)  Fabrics with tricot stitch 
Fig. 1: Biaxial warp-knitted fabrics 
Investigations in the context of SFB 532 showed that only the modification of the stitching 
pattern is not enough to obtain a complete efficiency of the reinforcement structure. There-
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fore, in order to improve the bonding between reinforcement and matrix, new commingling 
yarns were developed at the Institut für Textiltechnik at the RWTH Aachen University (ITA). 
2 Commingling yarns as a reinforcement 
2.1 Basic idea 
The hybrid yarns consist of high strength AR-Glass fibres and water soluble PVA-filaments. 
After embedding the reinforcement structure in the concrete, the PVA-filaments should be 
dissolved due to the alkaline matrix. Thus, hollow spaces are generated between the glass 
filaments. The concrete matrix is now able to flow into these cavities and to penetrate the 
internal filaments of the reinforcement (see Fig. 2). 
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Fig. 2: Working principle of the commingling yarns 
PVA is used not only as placeholder, to enhance the penetration of the high-strength fibre due 
to the concrete. Previous research has shown that the PVA component improves also the mi-
crostructure of the concrete matrix, by intervening in the nucleation and the crystallization of 
the mineral components of the concrete. 
 
2.2 Production of AR-Glass/PVA – commingling yarns 
In order to investigate the behaviour of these new reinforcement structures in concrete, dif-
ferent hybrid yarns were produced on a new commingling setup developed at ITA. The setup, 
as seen in Fig. 3, comprises of two sets of drawing godets, which regulate the pre-tension and 
the overfeed-ratio of the single yarn components. 
Within the presented researches, AR-Glass roving, CEM-Fil® from OCV Reinforcement, 
with linear densities of 1200 tex was used as a high-strength component.  
As placeholder, commercially available water-soluble PVA-fibres Solvron® were provided 
by the company Nitivy CO, Ltd., Japan. Both components are fed simultaneously in mixture 
ratio 95/5 (Glass/PVA) to an air jet nozzle. Due to the air jet, forced vibrations are being ini-
tiated into the multi-filament yarns. These provide a hybrid structure with a random distribu-
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tion of the different components in the cross-section. The hybrid yarn is taken up from the air 
jet nozzle by a further godet unit and finally wound onto bobbins by using a winder with 
open-loop control. 
 
Fig. 3: Commingling set-up 
In order to achieve a homogeneous distribution of the components with the lowest possible 
filament damaging, different air jet nozzle types of the company Oerlikon Heberlein Temco 
Wattwil Inc., Switzerland, like TE170-48°, TE170-48° cone, TE170-60°, TE180-48°, TE180-
48° cone, TE372-48° cone, TE370-60° cone and TE370-38° were applied. Fig. 4 shows a 
schematic diagram of a typical commingling nozzle. 
 
Fig. 4: Air jet nozzle [3] 
Supplementary to the nozzle design, the influence of machine and process parameters, like 
air pressure, overfeed ratio and yarn tension were investigated. The air pressure was varied in 
 
4th Colloquium on Textile Reinforced Structures (CTRS4) 5
 
range from 1 bar to 4 bars in steps of 1 bar. The yarn overfeed ratio and the yarn tensions 
were progressively changed from 1 to 4 %. In order to determine the influence of this single 
parameter as well as their combination on the yarn properties, a large test matrix with nearly 
130 different series was created. The influence of these parameters on the mechanical proper-
ties of the hybrid yarn structures was investigated. The accomplished preliminary tests have 
shown that, there are not significant differences between the tensile strengths of the manufac-
tured different commingling yarns. However, for further investigations on the bonding be-
haviour of the new reinforcement yarn structures the nozzle TE180-48° is used, since it 
supplied the best process stability and distribution quality. [3] 
 
2.3 Investigation of the yarn properties 
The tensile stress tests on the manufactured commingling yarns show that, despite the ac-
complished parameter studies, the process-related filament damage can´t be completely 
avoided. As the direct comparison between the characteristic curves determined by 20 sam-
ples in Fig. 5 shows, the strength of the new spread yarns is about 30 % lower than the 
strength of the raw roving. However, the remaining strength of the dry yarn is with more than 
1000 N/mm² much higher than the achieved strength of the composite structural parts, app. 
450 N/mm². For this reason, the new commingling yarns are still reinforcement structures 
with high potential, despite of their lower tensile strength. 
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Fig. 5: Tensile stress test on dry yarn structures 
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2.4 Investigation of the bonding behaviour 
The bonding behaviour of the new commingling yarns was investigated on double-sided pull-
out-tests (see Fig. 6). 
 
0
100
200
300
400
500
600
0 0,2 0,4 0,6 0,8 1
Crack opening displacement [mm]
Te
ns
ile
 s
tr
es
s 
[N
/m
m
²]
ITA-LV-ARG-2400/PVA-01-07
VET-RO-ARG-2400-1-06
AR-glssroving
Commingling yarn
 
Fig. 6: Comparison of the pull-out behaviour 
The test specimens were made by embedding the reinforcement yarn into two concrete ele-
ments, which are separated from each other by a thin foil [4]. The two concrete parts are 
clamped in the testing device and then pulled apart. The concrete parts transfer the tensile 
forces to the reinforcement yarn. During the pull-out-tests, the force needed for pulling out 
the reinforcement from the concrete matrix is determined. Figure 6 shows a comparison bet-
ween the characteristic stress-crack opening displacements-curves of the conventional roving 
and of the produced commingling yarns. These characteristic curves are determined by test-
ing of four different samples. 
For the investigation of the load-bearing behaviour of the new spread yarns, 2D-non-crimp 
fabrics (see Fig. 7) were produced and embedded into a concrete matrix. 
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(a) 2D-09-07 (AR-Glass roving) (b)  2D-21-07 (Commingling yarns) 
Fig. 7: 2D-non-crimp-fabrics 
Both textiles possess a similar construction (mesh length, binding type). Because of the dif-
ferences between the applied yarns, both textiles differ in their weight per unit area from each 
other. Therefore, for the production of TRC elements with the 2D-20-07 fabric a different 
number of reinforcement layers should be applied, in order to obtain the same reinforcement 
degree. The test specimens were produced by using of special formwork developed within 
SFB 532. Fig. 8 shows the geometry of the samples and the test arrangement. [5] 
  
Fig. 8: Sample and test arrangement by the tensile stress tests 
Fig. 9 shows a comparison between the characteristic stress-strain-curves determined by test-
ing of three different samples. 
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Fig. 9: Comparison of the load-bearing behaviour of TRC elements 
2.5 Discussion of the test results 
As the Figures 6 and 9 show, the new commingling yarns posses about 80 % higher load-
carrying capacity then the raw materials. However, the pictures made at DWI, Aachen, on 
specimens with Solvron® yarns by scanning electron microscopy (SEM) show, that the 
PVA-filaments are not being totally dissolved into the concrete matrix (see Fig. 10). 
PVA-filament
Etched  PVA-Filament
2 mm 200 μm
 
Fig. 10: Solvron® fibres embedded in concrete [DWI] 
As Fig 10 shows, the alkaline matrix etched only the peripheral PVA-filaments. Thus, not 
enough hollow spaces are generated to exploit the whole potential of the reinforcement yarns. 
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2.6 Development of new water soluble PVA filament yarns 
In order to increase the effect of using placeholder filaments, new PVA-fibres with improved 
solubility in concrete were developed. In cooperation with the chemical engineers at the 
RWTH Aachen University, different modified PVA-polymers were synthesized. The accom-
plished preliminary tests on a piston spinning plant (Fourné Polymertechnik GmbH, Alter, 
Germany) at ITA have shown, that these new materials can be further processed to water 
soluble PVA-multifilament by using the melt spinning technology (see Fig. 11). 
 
Fig. 11: Spinning of water soluble PVA fibres 
Due to variation of different process parameters, e.g. spinning temperature and flow rate, a 
stable spin process was achieved. For the investigation of the fibre solubility in concrete, 
multifilament PVA yarn was produced and embedded into fine-grained concrete matrix. As 
the picture of the cross-section of the sample made by SEM shows (Fig. 12), the concrete 
dissolve completely the PVA fibres. 
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Fig. 12: PVA-filaments dissolved in concrete 
With reference to Fig. 12, three different regions in the sample can be detected. Using SEM, 
the chemical composition of small areas of the sample (Fields 1, 2, and 3) was analyzed. As 
Fig. 13 shows, the most common ingredients in area 1 are Silicium (Si) and Oxygen (O) - the 
basic elements in the concrete mixture. 
 
Fig. 13: Analysis of the chemical elements in area 1 
Analyzing the distribution of the chemical elements in area 2 (see Fig. 14) shows, the content 
of carbon (C) here is much higher than the same in the first zone. This high amount of carbon 
in addition to the high Si-amount is an evidence for a polymer-concrete-phase with a homo-
geneous distribution of the single components. 
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Fig. 14: Analysis of the chemical elements in area 2 
As the distribution of the chemical elements in Fig. 15 shows, C is the most common element 
in area 3. The content of Si in this polymer phase is very low. So it can be concluded that, 
dissolved PVA dominate in area 3. 
 
Fig. 15: Analysis of the chemical elements in area 3 
3 Summary 
In order to improve the load-carrying capacity of TRC elements, new commingling yarns 
made of AR-Glass fibres and commercial available water soluble PVA-yarns Solvron® were 
developed and produced. Therefore, the influence of relevant machine and process parame-
ters, like jet-geometry, air pressure, production speed and overfeeding, was systematically 
examined and determined. Despite of the accomplished parameter study, a filament damag-
ing during the commingling process was detected. It was shown that the strength of the new 
hybrid yarns is app. 30 % lower than the strength of the conventional roving. However, the 
remaining strength of the commingling structures is with 1000 N/mm² still more than two 
times higher than the achieved strength of the composite structural parts. 
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The investigation of the bonding performance and the load-bearing capacity of the new hy-
brid yarn structures in the concrete were accomplished by double sided pull-out-tests and 
tensile stress-test. In the context of these investigations it was shown, that an improvement of 
the load-carrying capacity of TRC elements of approx. 80 % was achieved. However, further 
investigations with SEM have shown that the commercial available PVA fibres are being not 
completely dissolved due to the concrete matrix. These fibres are not able to fulfill their func-
tion as placeholder.  
Therefore, a new technology for the melt-spinning of water soluble PVA fibres was devel-
oped at ITA. Using SEM, it was proven that, the new PVA fibres are being completely dis-
solved due to the concrete matrix. 
In order to investigate the effect of the new polymer fibres on the bonding behaviour between 
the concrete and the reinforcement glass fibre as well as the durability of the opened hybrid 
yarn structures, hybrid yarns made of AR-glass and PVA should be produced. Therefore, 
water soluble PVA fibres in higher amount are needed. As a next step of the ITA research in 
the context of the SFB 532 an upscale of the new technology on commercial melt-spinning 
devices is intended. 
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6 Aktuelles 
Für aktuelle Informationen besuchen Sie uns im Internet unter  
http://sfb532.rwth-aachen.de/ 
 
